Recent literature suggests that Internet use may potentially add to social capital in Australia (Notley and Foth, 2008) but no research has been completed to measure that effect. The aim of this article is to address this shortcoming. It is expected that higher levels of Internet use would lead to denser social networks resulting in increased levels of social participation. Higher levels of social interaction and participation may lead to higher levels of trust (proxy of social capital) among people. This study also includes real GDP per capita as an independent variable. The inclusion of this variable is based on the assumption that higher levels of real GDP per capita boost economic transactions in an economy which in turn is expected to enhance trust and confidence in the business community eventually adding to the level of generalized trust. Thus, this study circumvents the omission bias in the model. The current study represents the first empirical investigation of this issue in Australian context. The findings of the study point to important policy implications for Australia, especially in relation to the digital divide policy.
However, probably more significantly they highlight the possible limitations of the Internet in building social capital when this is measured by a trust variable.
The rest of the paper is structured as follows: Section 2 provides a relevant literature review, and the methodology used in this empirical analysis is presented in Section 3. Section 4 reports the results of the study and conclusions and policy implications of the research are given in Section 5.
Literature Review

Internet and the stock of social capital in Australian context
Recent literature demonstrates that the residents of rural and remote areas of Australia are socially disadvantaged compared to their urban counterparts (ABS, 2013a). It has been argued that greater and improved access to the Internet could increase the social inclusion (through greater social interaction) and could reduce the social disadvantage of rural and remote communities (Broadbent and Papadopoulos, 2013).
It has also been argued that the Internet helps build citizen trust through online civic engagement (Warren et al., 2014) . The ability to do so however, depends on the nature of the social obligations, connections, and network availability. Internet usage generates social capital by developing networks of relationships between different people and different communities (Lippert and Spagnolo, 2011). Thus, the Internet has emerged as the key facilitator of social networks in modern times. Charleson (2013) suggests that enhancing empowerment and social capital by greater use of the Internet network for those already burdened with disadvantage and marginalization is a potential means to narrow the current digital divide in Australia.
In Australia, successful digital divide policy should include a social capital framework in its agenda to ensure the digital inclusion of disadvantaged people in rural and regional areas relatively lacking in skills or ability to utilize the internet. An associated problem is that it is easier and less costly to enhance the Internet skills of those residing in urban areas than in rural and remote areas. Therefore, even with high speed Internet access, the former may be disadvantaged in accumulating social capital and locked out of networking with those who are relatively skilled in using Internet.
background framework in which the current digital divide can be addressed and consideration can be given to the online needs of specific disadvantaged groups thereby enabling their increased participation in the formation of social, cultural and economic capital.
A positive view is that web-mediated social participation has the potential to protect the relational aspect of individuals' lives from the stress of time-constraint (Antoci et al. 2012). First, it is less exposed to the deterioration of the social environment that physically surrounds individuals. Second, Internet interaction is less time-consuming than face-to-face interaction and thus encourages social participation. Third, online interactions contribute towards the accumulation of Internet social capital. A salient feature of social capital is that it allows asynchronous social interactions; one can benefit from another's participation through the act of communicating a message or posting a photo even when the person who did this, is offline. Second, any attempt to measure the properties of inherently ambiguous concepts such as community networks and organization is correspondingly problematic Third, there is a lack of availability of survey data for contemporary researchers to compile indexes using a range of proxies such as measures of trust in government voting trends, membership in civic organizations, hours spent in volunteering and so on.
Also, there is a gap between the theoretical concept of social capital and the concepts applied in empirical researches to measure social capital to date. Such gap has resulted in empirical confusion about the meaning, measurement and outcomes of social capital. Paxton (1999:90) identified the same problem noting that previous studies provide little rationale for how measures of social capital relate to its theoretical definition.
The empirical literature on social capital is now very wide and studies differ in their degree of depth, methods and data collection. From the above review, it is evident that social capital is a complex multidimensional concept. Therefore, it still remains a challenge to satisfactorily represent it by a single measure or figure. This should be kept in mind when considering the following analysis. The model takes the following form: 
Data and Methodology
Data
Data on trust variable (SC) for
SC t = β 0 + β 1 NET t + β 2 GDPPC t + t(1)
ARDL bounds testing approach
In order to estimate the short-and the long-run relationship between variables, we employ Autoregressive Distributed Lag model (ARDL) developed by Pesaran (1997 Pesaran ( , 2001 ). The ARDL technique has several advantages over other conventional cointegration techniques: First of all, this method can be applied to a small sample size study (Pesaran et al., 2001 ) and therefore the application of such technique in our study seems to be justified. Secondly, it can be applied even in case of mixed order of integration of variables. Thirdly, it simultaneously estimates the shortrun dynamics and the long-run equilibrium with a dynamic unrestricted error correction model (UCEM). Fourth, it estimates the short-and the long-run components simultaneously potentially removing the problems associated with omitted variables and autocorrelation. In addition, this technique generally provides unbiased estimates of the long-run model and valid t-statistic even when the model suffers from the problem of endogeneity (Harris and Sollis, 2003) . The empirical formulation of ARDL equation for our study is specified as follows:
j=1 k=0
∆lnNET t = β 0 + β 1 T+ β 2 D+ β 3 lnNET t-1 +β 4 lnGDPC t-1 + β 5 SC t-1 p q r ∑ β 6 ∆ lnNET t-j + ∑ β 7 ∆lnGDPC t-k + ∑ β 8 ∆SC t-l + + t ( 4) i=0 j=0 k=0
Where To check whether the cointegrating relationship between the variables from ARDL bounds test is robust, we employed Gregory and Hansen (1996) residual-based test of cointegration, which allows for a one time change in the cointegrating parameters. The Gregory and Hansen test involves the testing of four models -level, trend, intercept or shifts in the intercept, and slope.
We opted for the intercept and slope model that allowed rotation in the long-run equilibrium relationship simultaneously with shift. Once the cointegrating relationship is confirmed, long-run and short-run coefficients are estimated with the application of ARDL. The short-run estimation also involves an error correction term which reflects the speed of convergence of short-run disequilibrium towards the long-run equilibrium.
Diagnostic tests
A number of diagnostic tests such as Lagrange Multiplier (LM) test for serial correlation,
Ramsey RESET test for model specification, normality test for heteroscedasticity and model stability graphical plot tests such as CUSUM and CUSUMS are conducted.
The VECM Granger causality test
According to Granger (1969) , once the variables are integrated of the same order, the VECM Granger causality test is appropriate for estimating their causal link. Because all of the variables in our study are first difference stationary [I(1)], this study proceeds further to determine the causal direction between them. Identifying the exact direction of causal linkage provides insight crucial to the development of better policy implications (Shahbaz, 2012). The potential causality pattern for our study is represented by the following VECM specification in a multivariate framework: Table 1 reports summary statistics. The standard deviations in all the series are quite low implying that the data are more or less normally distributed. Hence, it is appropriate for us to proceed with the datasets for further estimation. Table 2 provides correlation matrix which does not indicate any serious multicollinearity threat in the model. <Please insert Table 1 and Table 2 here>   Table 3 reports results from ADF and PP unit root tests. All variables are found first difference stationary. The DF-GLS unit root test results are reported in Table 4 which also shows that all the series in our study are first difference stationary, i.e. I(1).
Results
(Please insert Table 3 and Table 4 here).
In order to avoid the value of F statistic from bounds test being influenced by the presence of structural break, we conduct two structural break unit root tests namely; Perron (1997) unit root test with single structural break and Zivot-Andrews structural break test. The results from these tests are reported in Table 5 and Table 6 respectively. As evident from <Please insert Table 5 and Table 6 here> Next, we proceed with the tests to examine the cointegrating relationship, if any, among the variables. Since ARDL is sensitive to lag order, for calculating the F statistic, first of all, we need to identify the appropriate lag order. To do this, we choose SC (Schwarz Information Criterion)
as it provides better results than other lag length criteria (Luitkepohl, 2006). Table 7 reports results from the lag order selection criteria which suggests that the optimal lag is 1.
(Please insert Table 7 here).
The ARDL bounds cointegration results reported in Table 8 Table   9 ) lends support in favor of the cointegrating relationship among the variables even in the presence of structural break in the series.
<Please. insert Table 8 and Table 9 here>
Once the cointegrating relationship between variables has been confirmed, it is imperative to conduct a battery of diagnostic tests that precede the estimation of long-run and short-run coefficients. In order to obtain diagnostic test statistics, this study performs the Lagrange Multiplier (LM) test of residual serial correlation (χ sc 2 ), Ramsey's RESET test for correct functional form, (χ ff 2 ) the normality test based on the skewness and kurtosis of residuals (χ n 2 ) and the heteroscedasticity test based on the regression of squared residuals on squared fitted values (χ hc 2 ). Overall, it is evident from Table 10 that all these test statistics are statistically insignificant at least at 5 percent level of significance implying that our model is free from any of these biases.
The stability of parameters over time is also reflected through the graphical plots of CUSUM and CUSUM of Squares ( Figure 4A and Figure 4B respectively). This supports the expectation that a higher level of GDP is characterized by a higher volume of transactions in an economy that this leads to an increased level of trust between people involved in the transactions.
(Please insert Table 10 here).
(Please insert Figure 4A and Figure 4B here).
The short-run results are presented in Table 11 . As indicated, the short-run association between
Internet use and social capital is positive and statistically significant at 1% level of significance.
It is demonstrated that a 1% rise in Internet use would trigger .003% increase in social capital.
Real GDP per capita is negatively associated with social capital in the short-run. This negative relation is also significant at 5% level of significance. The coefficient of the error correction term ECT t-1 of -0.1120 is statistically significant at 5% level of significance and has the expected sign.
It also implies a reasonable speed of convergence (the short-run deviations being corrected at the speed of 11% each year) towards the long-run equilibrium.
<Please insert Table 11 here> Granger causality results are presented in Table 12 . No causality is observed between Internet use and social capital. A unidirectional causality running from social capital to real GDP per capita is observed.
<Please insert Table 12 The finding of the current study of highly significant long-run negative association between
Internet use and social capital is attributed to the negative effects of Internet on social capital.
While Internet use may potentially generate social capital by building and strengthening online trust through social networks, it can also cause social isolation as well for relatively disadvantaged and under-privileged section of population of a country. At the micro-level, it is possible that Internet use stimulates trust among various groups of people who are online connected through various SNSs but at the macro-level, the trade-off between increased online interaction and face-to-face interaction which may reduce the level of trust generated online among mass users. Furthermore, rapid increases in Internet use may cause so called 'cyber balkanization' or in other words, create group specific networks resulting in group fragmentation.
The possible consequence of such group fragmentation in Australia is that it will further aggravate the current level of digital divide which is already in the danger of widening (Bowles, 2013) . 
Conclusions and limitations
This study examined the empirical relationship among social capital (proxied by trust), Internet usage and real GDP per capita using Australian annual time series data for the period of 1985-2013. Data for social capital is generated through linear interpolation for some missing data.
ADF, PP and DF-GLS unit root tests, Perron and Zivots and Andrew structural break unit root tests are conducted. All the series are found to be stationary at first difference even in the presence of a structural break. Hansen Gregory and ARDL cointegration tests confirm cointegrating relationship among the variables. The findings from the ARDL estimates suggest that Internet use has had a highly significant negative long-run association with social capital in Australia. However, there is positive significant relation (but of small magnitude) between these variables in the short-run. Also, real GDP per capita positively influences the formation of social capital in the long-run and negatively influences in the short-run. In both cases, the relationships are statistically significant. No causal link is found between Internet use and social capital. A unidirectional causality is observed running from social capital to real GDP per capita.
Despite the novelty of the study, it suffers from a number of limitations. One major weakness is the measurement of social capital by one single indicator from WVS. It is now well documented in literature that social capital is a multi-dimensional concept. Therefore, our findings may not be robust across different measures of social capital. Another weakness of the study is that yearly observations on trust were unavailable which were generated through simple linear interpolation.
Use of more data in future would certainly enhance the reliability of the findings. Finally, the findings are not expected to be invariant across different econometric specifications.
Using the only available general indicator of social capital for Australia (the WVS measure), we find that there is no convincing evidence that increased Internet usage has increased the stock of social capital when this is proxied by the WVS trust variable. Instead, the findings of the current study point in the opposite direction. Therefore, one needs to be cautious about claims found in the literature that greater Internet usage has generated social capital. Clearly, more research is needed to resolve this matter. Different dimensions of the social capital may need consideration and less aggregated studies, including case studies (for example, for different regions) would be worthwhile.
Although opinions expressed in the relevant literature about the impact of increased Internet use on social capital vary, the dominant view is that it is likely to be a powerful contributor to the accumulation of social capital. However, our empirical results do not support this hypothesis. In fact, they indicate that increased use of the Internet in Australia has been associated with a longrun decline in social capital when this is measured by the average per capita level of a trust variable; an aggregate measure. We also suggest that growing aggregate use of the Internet has been accompanied by growing inequality in its use by different social groups. In Australia, this increased inequality arises from two sources:
• Differences in the quality of Internet services (and in the supply of such services)
available to different groups of individuals; and
• Differences in the ability of groups having access to Internet services to use these.
These differences appear to have resulted in some groups being able to increase their stock of social capital by using the Internet whereas others have suffered absolutely or relatively in this regard.
In developing its Internet development policies, the Australian Government seems to have put greater emphasis on reducing inequality in access to Internet services rather than on reducing inequality in the ability of individuals and groups to make use of their available Internet. There is a case for giving greater attention to the latter problem. In addition, more attention could be given to reducing anti-social behaviours associated with the use of the Internet because ultimately these have a negative effect on the formation of social capital.
Finally, note the social evaluation of the socio-economic consequences of Internet use does not depend solely on its effect on the formation of social capital. Among other things, it is likely to add to the stock of human capital and increase economic productivity. For example, it can play an important role in facilitating education and in supplying information. This aspect may be especially important in rural and remote regions of Australia. Note: Statistically significant at 5% level of significance (b) Note: Statistically significant at 1% (***), 5% (**) and 10% (*) levels of significance. Note: Statistically significant at 1% (***), 5% (**) and 10% (*) levels of significance. The straight lines represent critical bounds at 5% significance level The straight lines represent critical bounds at 5% significance level
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